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(54) Optical disc apparatus having collision preventing means and method lor controlling an 
optical disc apparatus 



(57) In order to avoid collision between an objective 
lens and an optical disc during a layer jump mode or a 
high speed seek mode, the optical apparatus comprises 
special operation control means for turning off servo 
loop switching means (69) for controlling optical head 
driving means so that the optical head will perform a 
special operation, impact detection means (78) for de- 
tecting an impact from outside, and servo loop switching 



control means for turning on the servo loop switching 
loop (69) on detection of an impact by the impact detec- 
tion means (78) during a special operation of the optical 
head (61 ) . The special operation control means includes 
layer jump pulse generating means (77) for generating 
layer jump of a multi-layered optical disc and controls 
the optical head driving means (71) for performing layer 
jump based on the layer jump pulse. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] This invention relates to a method and apparatus for recording and/or reproducing information signals for an 
optical disc. 

10 Description of the Related Art 

[0002] Recently, for recording/reproducing not only the conventional letter information but also high-definition still 
pictures, speech or moving pictures of higher quality for prolonged time, there is raised an increasing demand for an 
optical disc of larger recording capacity or an optical disc device of a smaller size by exploiting a recording/reproducing 

15 technique of high recording density. 

[0003] For increasing the information volume per unit area in an optical disc, there is known a method for reducing 
the shortest mark length recorded on the optical disc or narrowing the track pitch. However, it is necessary in this case 
to reduce the diameter of a light spot used for recording/reproducing the reduced shortest mark length. 
[0004] As a method to realize this, researches into a high density optical disc system in which the light spot diameter 

20 is reduced by increasing the numerical aperture NA of the objective lens used for converging the light in the optical 
disc device, are proceeding briskly. 

[0005] In a known manner, the diameter of a light spot produced by a collimated light beam falling on a lens is 
represented by the following equation (1): 

25 W em = K W (X/NA) (1). 

[0006] The equation (1) states that the light spot diameter W em is obtained by multiplying a quotient of the light 
wavelength X by the numerical aperture NA or X/NA with a constant K w determined by the shape of the lens aperture 

30 and the distribution of the intensity of the incident light beam. 

[0007] Thus, the high recording density of the optical disc can be achieved by reducing the light spot diameter of the 
optical pickup by reducing the wavelength X of the laser light and increasing the numerical aperture NA. 
[0008] If the numerical aperture of the optical pickup in the high recording density system is to be increased, and the 
diameter of the objective lens is the same as that of the conventional optical disc system, the working distance WD, 

35 which is the distance between the surface of the optical disc 1 00 and the objective lens 42, is shorter, as shown in Fig. 1 . 
[0009] That is, in Fig.1 A, a light beam 43 of the laser light having a diameter 2a is converged by an objective lens 
42 spaced a working distance D from the optical disc 100, so as to be illuminated through a medium of a refractive 
index n on a light converging point 41 on the optical disc 1 00 at a half angle 9 of the maximum apex angle. The distance 
between the outer rim of the light beam 43 of the laser light on the objective lens 42 and the converging point 41 is R. 

40 The numerical aperture is given by the product of the refractive index n with the sine of a half angle e of the maximum 
apex angle, or n-sinG = n-a/R. 

[0010] On the other hand, in Fig.1B : a light beam 43 of the laser light having a diameter 2a is converged by the 
objective lens 42 spaced a working distance D* from the optical disc 100 so as to illuminate through a medium of a 
refractive index n on the light converging point 41 on the optical disc 1 00 at a half angle 6' of the maximum apex angle 
45 larger than the half angle G of the above-mentioned maximum apex angle. The distance between the outer rim of the 
light beam 43 of the laser light on the objective lens 42 and the converging point 41 is R\ The numerical aperture is 
given by the product of the refractive index n with the sine of the half angle 6' of the maximum apex angle, or n-sinG' 
= n-a/R 1 . 

[0011] Comparison of Figs.lA and 1B indicates that, if the half angle 0 of the maximum apex angle is increased to 
50 6', the numerical aperture is increased from n-sinG = n-a/R to nsinG' = n-a/R', however, the working distance is decreased 
from D to D\ Stated differently, the numerical aperture is increased, while the working distance between the objective 
lens and the optical disc is decreased. Thus, if the maximum apex angle G is increased to 6', the working distance D' 
is smaller than the working distance D, that is D>D'. 

[0012] The sequence of operations when applying focusing servo in the routine optical disc device is explained with 
55 reference to Figs.2A to 2D. 

[0013] First if the optical disc is set, the objective lens actuator is moved in a direction in which the objective lens is 
moved away from the optical disc. In the actuator position shown at Fig. 2, the objective lens is at a position a remotest 
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from the optical disc 1 . 

[0014] If the objective lens actuator causes the objective lens to be moved at a moderate speed in a direction of 
approaching the optical disc 1 , the reflection signal detected by a photodetector is increased progressively. At a time 
point when the focal length between the objective lens and the optical disc is less then a few u,m, a negative going 
5 signal starts to be generated for the focusing error signals shown in Fig.2B. The position b of the actuator shown in 
Fig.2A corresponds to the time point the focusing error signals start to be produced. 

[001 5] If, with the use of, for example, the astigmatic method, the objective lens is moved further closer to the optical 
disc, the focusing error signals, shown in Fig.2B, once reaches a locally maximum value, and subsequently starts to 
be decreased. From this time on, the focusing error signal and the distance between the objective lens and the optical 
w disc coincide with each other. Thus, when the reflected light volume signal exceeds a predetermined level, the focusing 
error signals are detected and the focusing servo loop is turned on when this signal reaches 0, in order to pull in the 
focusing servo. 

[0016] At a position the focusing error signals reach zero, the reflection light volume detection signal, shown in Fig. 
2C, becomes maximum. This position corresponding to the maximum reflection light volume detection signal corre- 

'5 sponds to an actuator position c shown in Fig.2A. 

[0017] If the focusing servo has been pulled-in successfully, the feedback loop of the focusing servo by the focusing 
error signals is in operation. Thus, the objective lens is driven by the objective lens actuator so that the focusing error 
signals will be substantially equal to zero. In Fig. 2, the behavior of the respective signals is as shown by a solid line. 
This sequence of operations is termed the focusing search operation. 

20 [0018] Among the recordable optical disc, there is such a disc employing a phase change material. A mark which 
serves as data is produced by forming a crystal area and an amorphous area by controlling the laser light power. The 
reflectance of the crystal area is approximately 20%, while that of the amorphous area is approximately 0.6%. The 
mark can be discerned by this difference in reflectance. The average data surface reflectance is of the order of ap- 
proximately 10% which is not vitally different from the surface reflectance of the optical disc which is approximately 6 

25 to 7%. 

[0019] If the objective lens is actuated in order to pull in the focusing servo, two similar reflection and focusing error 
signals are produced. For focusing pull-in on the data surface, there is required a method to make distinction between 
these two signals. If the disc surface of the optical disc is close to the signal recording surface and the focusing servo 
pull-in has failed, there is a risk of the objective lens colliding against the disc surface. 

30 [0020] If the objective lens is actuated from the surface towards the data surface in order to detect the focusing servo 
pull-in range, there may be contemplated a method of detecting the second focusing error signal. 
[0021] However, if the optical disc surface is scratched or dust and dirt are deposited thereon, signals cannot be 
detected correctly, such that the discrimination and hence the focusing servo pull-in results in failure to lead to collision 
of the optical disc against the objective lens as in the case of the above-mentioned failure in focusing servo pull-in. On 

35 the other hand, if vibrations are applied to the device from outside, such that the objective lens undergoes vibrations 
in the vicinity of the optical disc surface, signal chattering is produced to lead to mistaken focusing servo pull-in on the 
optical disc surface. 

SUMMARY OF THE INVENTION 

40 

[0022] It is therefore an object of the present invention to provide a method and apparatus for recording/reproducing 
an optical disc which evades focusing servo pull-in on an incorrect surface. 

[0023] In one aspect, the present invention provides an optical disc apparatus for recording and/or reproducing in- 
formation signals for an optical disc including an optical pickup including an objective lens arranged facing the optical 

45 disc for converging and illuminating the laser light on a signal recording surface of the optical disc and objective lens 
driving means for driving the objective lens at least in a direction perpendicular to the signal recording surface, dis- 
placement signal generating means for generating from the return laser light illuminated by the objective lens to the 
optical disc a displacement signal corresponding to displacement of a converging point of the laser light from the signal 
recording surface in the perpendicular direction, servo means for driving controlling the objective lens by the objective 

50 lens driving means in the perpendicular direction, based on the displacement signal from the displacement signal 
generating means, so that the converging point will be on a signal recording surface of the optical disc, and permission 
signal outputting means for outputting a permission signal for according permission of the servo operation by the servo 
means when the objective lens position detected by the position detection means is within the pre-set range. 
[0024] That is, with the present optical disc recording/reproducing apparatus, it is possible to evade collision of the 

55 optical disc against the objective lens even in case the focusing pull-in results in failure under the effect of flaws or 
dust and dirt on the optical disc surface or disturbances of the vibratory nature in the course of the focusing servo 
operation, thus preventing optical disc damage to enable correct data reproduction. If, under the effect of the above- 
mentioned obstructive factors, the focusing servo pull-in range is difficult to discern as in the case of the phase-change 
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disc, it is possible to avoid erroneous focusing servo pull-in to the superficial optical disc surface. Thus, there is provided 
an optical disc recording/reproducing apparatus having a small working distance and which can achieve high density 
recording. 

[0025] In another aspect, the present invention provides a method for recording/reproducing information signals for 

5 an optical disc using an optical pickup including an objective lens arranged facing the optical disc for converging and 
illuminating the laser light on a signal recording surface of the optical disc and objective lens driving means for driving 
the objective lens at least in a direction perpendicular to the signal recording surface : displacement signal generating 
means for generating from the return laser light illuminated by the objective lens to the optical disc a displacement 
signal corresponding to displacement of a converging point of the laser light from the signal recording surface in the 

10 perpendicular direction and servo means for driving controlling the objective lens by the objective lens driving means 
in the perpendicular direction, based on the displacement signal from the displacement signal generating means, so 
that the converging point will be on a signal recording surface of the optical disc. The method includes a step of detecting 
the state between the objective lens and the optical disc, a step of the servo operation responsive to a signal from the 
detection means., and a step of outputting a permission signal for according permission of the servo operation by the 

15 servo means when the objective lens position detected by the position detection means is within the pre-set range. 
[0026] In yet another aspect, the present invention provides an optical disc apparatus including an objective lens 
driving means for driving the objective lens in a direction perpendicular to a signal recording surface of the optical disc, 
impact detection means for detecting an impact from outside and control means for controlling the objective lens driving 
means responsive to the strength of impact detected by the impact detection means during the focusing servo pull-in 

20 operation to evade collision of the objective lens against the optical disc. 

[0027] Thus, with the optical disc apparatus, the objective lens driving means is controlled by control means, respon- 
sive to the strength of an impact as detected by the impact detection means, in order to evade collision of the objective 
lens against the optical disc. 

[0028] Also, in the objective lens driving control methods according to the present invention, the operation of evading 
25 collision of the objective lens against the optical disc is performed responsive to the strength of the impact from outside, 
as detected by the impact detection means, in order to evade collision of the objective lens against the optical disc. 
[0029] Thus, with the optical disc recording/reproducing apparatus, there is provided a sensor for measuring the 
position of the objective lens with respect to the objective lens and a permission signal for executing the focusing pull- 
in operation is issued when the value of the sensor output is within a preset range in order to avoid focusing pull-in to 
30 the inappropriate superficial disc surface. Moreover, if the value exceeds a pre-set range, the approaching operation 
is discontinued to prevent collision of the objective lens against the optical disc. 

[0030] Also, with the optical disc recording/reproducing method according to the present invention, a permission 
signal for executing the focusing pull-in operation is issued when the value of the output of the sensor used for measuring 
the distance between the objective lens and the optical disc is within a preset range to prevent the pull-in of the focusing 
35 servo to the inappropriate optical disc surface and, if the value exceeds the preset range, the approaching operation 
is discontinued to prevent collision of the objective lens against the optical disc in the course of the focusing search 
operation. 

[0031] Other aspects of the present invention are defined in the appended claims. 
40 BRIEF DESCRIPTION OF THE DRAWINGS 
[0032] 

Figs.1 A and 1B are schematic views showing the relation between the aperture ratio and a working distance. 
45 Figs2A to 2D are timing charts showing signals of respective portion at the time of conventional focusing servo 

pull-in. 

Fig. 3 is a plan view showing the schematic structure of an optical disc recording/reproducing apparatus. 

Fig.4 is a side view of an optical disc device used for illustrating the setting of a limiter value. 

Fig.5 is a block diagram showing the structure of various circuit portions of the optical disc recording/reproducing 

apparatus. 

Figs.6A to 6F are timing charts showing signals of various portions at the time of focusing servo pull-in. 
Figs.7A to 7F are timing charts showing signals of various portions in case wherein signal detection has not been 
enabled at the time of focusing servo pull-in. 

Figs.8A and 8B are a plan view and a front view showing a first example of an objective lens position sensor 
55 mounted on an optical pickup. 

Figs.9A and 9B are a plan view and a front view showing a second example of an objective lens position sensor 
mounted on an optical pickup. 

Fig. 10 is a block diagram showing a circuit structure of an actuator driving circuit of the optical disc reproducing 
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apparatus. 

Figs.1 1 A and 1 1 B are graphs showing the operation of a biaxial actuator on impact application from outside during 
the focusing servo pull-in operation. 

Figs.1 2A to 12D are graphs showing outputs of respective signals at the time of focusing servo pull-in operation. 
5 Fig. 13 is a block diagram showing the structure of an optical disc apparatus according to a third embodiment of 

the present invention. 

Fig. 14 is a block diagram showing the structure of an optical disc apparatus according to a fourth embodiment of 
the present invention. 

Fig. 15 is a block diagram showing the structure of an optical disc apparatus according to a fifth embodiment of 
w the present invention. 

Fig. 16 is a cross-sectional view showing the structure of a double-lens type objective lens. 
Fig. 17 is a cross-sectional view showing the structure of an objective lens. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

15 

[0033] Referring to the drawings, preferred embodiments of the present invention will be explained in detail. 
[0034] Referring to Figs.3 and 4, an optical disc reproducing device 1 includes an objective lens 8 for converging 
the laser light emitted from a laser light source, not shown, to a signal recording surface of the optical disc 1 00, and a 
biaxial actuator 9 as an objective lens driving actuating means for driving the objective lens 8 in two directions, that is 
20 in a direction perpendicular to the signal recording surface of the optical disc 100 and in a direction perpendicular to 
the recording track of the optical disc. 

[0035] The optical disc reproducing device also includes a substantially rectangular mechanical deck 2, shock-proof- 
ing insulators 3, 3, 3, 3 mounted on the corners of the mechanical deck 2 for absorbing the shock applied from outside, 
and a spindle motor 6 for rotationally driving the optical disc. The optical disc reproducing device 1 also includes an 

25 optical pickup 1 0 comprised of a pickup base 7, the above-mentioned objective lens 8 and the above-mentioned biaxial 
actuator 9 set on the optical pickup base 7 and which is adapted for supporting the objective lens 8 for movement in 
the tracking direction and in the focusing direction with respect to the optical disc 100. The optical disc reproducing 
device finally includes a pair of feed shafts 1 1 , 11 for supporting the pickup base 7 for movement radially of the optical 
disc 100 run in rotation by the spindle motor 6, and a feed driving unit 1 8 constituted by a feed rack 12, a driving gear 

30 13, a counter gear 14, a transmission gear 15, a worm gear 16 and a feed motor 17 and which is adapted for causing 
movement of the pickup base 7 supported by the feed shafts 11, 11 for movement radially of the optical disc 100. 
[0036] During reproduction, the above-described optical disc reproducing device feeds the optical pickup 1 0 by the 
feed driving unit 18 up to a desired track on the optical disc 100. Specifically, the rotational driving force of the feed 
motor 7 is transmitted through the worm gear 1 6, transmission gear 15, counter gear 14, driving gear 13 and thence 

35 through the feed rack 12, so that the optical pickup 1 0 is moved on the feed shafts 11,11. 

[0037] The optical disc reproducing device 1 focuses the laser light from a laser light source arranged in the optical 
pickup 10 by the objective lens 8 on the signal recording surface of the optical disc 100 run in rotation by the spindle 
motor 6. The return light from the optical disc 100 is detected by a photodetector, not shown. Based on this detected 
light, tracking error signals are produced, which represent displacement signals in the perpendicular direction to the 

40 recording track on the signal recording surface of the optical disc 1 00. 

[0038] It is noted that the focusing of the laser light on the signal recording surface of the optical disc 1 00 is enabled 
by the servo operations by the tracking servo and the focusing servo. The biaxial actuator 9 drives the objective lens 
8 in the tracking direction and in the focusing direction to effectuate the tracking servo and the focusing servo. 
[0039] The servo operations are enabled by the focusing servo pull-in operation. The actuator driving circuit of the 

^5 first embodiment relevant to the focusing servo pull-in operation is shown in Fig. 5. 

[0040] The actuator driving circuit includes an actuator voltage generator 21 for generating the actuator actuating 
voltage from a focusing pull-in command and a focusing servo compensation filter 22 for filtering the focusing error 
signals for focusing servo compensation. The actuator driving circuit also includes a pull-in signal decision unit 23 for 
checking a pull-in signal based on a reflection light volume signal from the photodetector and a pre-set pull-in level 

50 setting value and a pull-in range decision unit 24 for checking the pull-in range based on an inequality 

A - B<C<A + B 

55 from the pull-in range setting value of A±B and an output C of an objective lens position sensor as position detection 
means. The actuator driving circuit also includes an objective lens approaching decision unit 25 for checking the ap- 
proach of the objective lens based on an inequality 
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A+B<C 

from the pull-in range setting value of A±B and the objective lens position sensor output. 

5 [0041] The actuator driving circuit also includes an AND gate 26 for ANDing a first pull-in OK signal a from the pull- 
in signal decision unit 23 and a second pull-in OK signal b which is a permission signal sent from the pull-in range 
decision unit 24 to issue a focusing pull-in control signal, and an actuator retreating voltage generator 28 for generating 
an actuator retreating voltage. The actuator driving circuit also includes a first switch 27 receiving an actuator scanning 
voltage from the actuator voltage generator 21 and a signal from the focusing servo compensation filter 22 at a second 

10 terminal CH2 and at a first terminal CH1 , respectively, to select one of the first terminal CH1 and the second terminal 
CH2 responsive to a focusing pull-in control signal from the AND gate 26, and a second switch 29 receiving a signal 
from the first switch 27 and the actuator retreating voltage from the actuator retreating voltage generator 28 at the first 
terminal CH1 and at the second terminal CH2 to select one of the first terminal CH1 and the second terminal CH2 
responsive to a signal from the objective lens approaching decision unit 25. The actuator driving circuit finally includes 

15 a driving circuit 30 responsive to a signal from the second switch 29 to drive the biaxial actuator. 

[0042] The operation of the present circuit is hereinafter explained by referring to signals of various portions shown 
in Fig. 6. 

[0043] On occurrence of a focusing servo pull-in operation command, which is a command for starting a sequence 
of focusing servo pull-in operations for an optical disc : the biaxial actuator starts to be driven by the actuator voltage 
20 generator 21 . The actuator scanning voltage, generated by the actuator voltage generator 21 , is transiently lowered 
and subsequently increased with lapse of time, as shown in Fig.6A. In keeping therewith, the objective lens is transiently 
moved to a predetermined position in the focusing direction in a direction away from the optical disc and then gradually 
approaches the optical disc. 

[0044] If the pull-in signal decision unit 23 verifies that the reflection light volume signal shown in Fig.6C has exceeded 
25 a predetermined pull-in level setting value, it proceeds to detect zero-crossing of the focusing error signals shown in 
Fig.6B. On detection of the zero level, the pull-in signal decision unit 23 outputs a high level as the first pull-in OK 
signal a shown in Fig.6D. This first pull-in OK signal a goes to a low level if the reflection light volume signal is lower 
than the pull-in level. 

[0045] If the objective Ions position sensor output C is in the pull-in range sensor setting range A±B : the pull-in range 
30 decision unit 24 outputs a high level as a second pull-in OK signal b. That is, if the objective lens position sensor output 
C is in a range which satisfies the relation 

A-B<C<A+B 

35 

with respect to the pull-in range sensor setting range A±B, the second pull-in OK signal b, which is the permission 
signal shown in Fig.6F, goes to a high level. Specifically, the servo pull-in on the disc surface is precluded. 
[0046] If the first pull-in OK signal a and the second pull-in OK signal b are both of the high level, the focusing pull- 
in signal from the AND gate 26 goes to a high level, as a result of the AND operation. Thus, the first switch 27 closes 

40 the first terminal CH1 side so that there will be completed a focusing servo loop comprised of focusing error signals, 
focusing servo compensation filter 22 and the objective lens actuator driving. At this time, an output of the objective 
lens approaching decision unit 25 goes low to control the second switch 29 to close the first terminal CH1 side. 
[0047] The focusing error signals conforming to surface deviation of the optical disc are subsequently feedback- 
controlled so that the laser light illuminated on the optical disc from the objective lens will be perpetually focussed on 

45 the signal recording surface. 

[0048] In the present optical disc recording/reproducing device, since pull-in occurs only during the high-level period 
of the second pull-in OK signal b of the pull-in range decision unit 24 employing the objective lens position sensor 
output, the first pull-in signal a on the optical disc surface is masked, as shown in Fig. 6, so that there is no risk of the 
pull-in operation to an incorrect disc surface. 

so [0049] The first pull-in signal a shown in Fig.6D going high by the reflection light volume signal of Fig.6C exceeding 
the pull-in level, with the focusing error signals of Fig.6B crossing the zero, is occasionally ascribable to reflection from 
the optical disc surface and from the recording surface. 

[0050] Since here the second pull-in OK signal b is set to a high level when the objective lens position sensor output 
shown in Fig.6E is in a pre-set range and the focusing pull-in control signal is produced only if the first pull-in signal a 
55 and the second pull-in OK signal b as a permission signal are both at a high level in order to effectuate pull-in, it is 
possible to prohibit pull-in by surface reflection to effectuate pull-in only for reflection on the recording surface. 
[0051] In addition, signal chattering on the optical disc surface can be eliminated since the result of decision of the 
pull-in signal decision unit 23 is not of the high level even on occurrence of such signal chattering. 
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[0052] The pull-in range sensor setting value A can be found from the objective lens reference position of focusing 
servo application, using a reference optical disc at the time of assembling and preparation of the device. The value of 
the range B is set taking into account the sensor detection error or surface deviations of the optical disc. 
[0053] Thus, the optical disc recording/reproducing device, which pulls in focusing servo based on the focusing error 
5 signals produced on approaching the objective lens to the optical disc under a controlled actuator voltage, includes 
means for measuring the distance between the objective lens and the optical disc or the objective lens position. The 
optical disc recording/reproducing device effectuates a focusing pull-in operation when the value obtained by these 
means is within a preset range, while discontinuing the approaching operation if the above value exceeds the pre-set 
range. 

10 [0054] Fig. 7 shows the waveform of the focusing pull-in operation in case of failu re in signal detection due to presence 
of scratches or dust and dirt on the optical disc surface. 

[0055] If there exists dust and dirt or flaws on the optical disc surface, signals used for decision of the pull-in. range 
cannot be produced. Also, there are occasions wherein an impact is applied from outside in the course of the operations, 
with the vibration level exceeding the allowable range for the focusing servo. 
is [0056] The actuator scanning operation occurs in accordance with the objective lens actuator driving signals shown 
in Fig.7A, such that the second pull-in OK signal fcshown in Fig.7F goes high in the pull-in range decision unit. However, 
due to the effect of the dust and dirt or flaws on the optical disc surface, the focusing error signals of Fig.7B or the 
reflection light volume signals of Fig.7C, which should inherently be produced as indicated by broken lines, cannot be 
produced. 

20 [0057] The result is that the first pull-in signal a of Fig.7D is not high in the pull-in range decision unit so that a point 
for which pull-in should occur is passed through in the course of scanning so that scanning is continued until collision 
against the optical disc in the case of the conventional optical disc device. 

[0058] This means that, in case of failure of focusing servo pull-in during the focusing search operation, the objective 
lens collides against the optical disc in the present system. Since the optical disc is usually rotating during focusing 
25 servo pull-in, the optical disc is severely damaged if the objective lens collides against the optical disc to render correct 
data reproduction difficult. 

[0059] However, with the present optical disc recording/reproducing device, if the objective lens position sensor 
output C exceeds the pull-in range setting value A+B, a high-level output is issued from the objective lens approaching 
decision unit and hence the second switch SW2 is set to the second terminal CH2 so that a retreating voltage is 

30 outputted by the actuator retreating voltage generator 28. The result is retreating of collision against the optical disc 
even on occurrence of a situation of failure of signal generation during the focusing pull-in operation. 
[0060] Similarly, in case of failure of focusing servo pull-in due to application of a vibrational impact to the device 
from outside, this failure is detected by the objective lens approaching decision unit 25 to evade collision against the 
optical disc. If the objective lens position sensor output C exceeds the upper limit A+B of the pull-in range, that is if the 

35 inequality A+B < C is met, the objective lens approaching decision unit 25 outputs a high level signal to cause the 
second switch 29 to select an output of the actuator retreating voltage generator 28. 

[0061] The position sensor for detecting the objective lens position is explained. This position sensor is configured 
as an objective lens position detection sensor for detecting the position of the objective lens relative to the optical disc. 
[0062] A first embodiment of the position sensor is configured as shown for example in Figs.8A and 8B. In the present 
40 position sensor, a sensor lens 32 is arranged on a surface of the biaxial actuator 9 carrying the objective lens 8 at a 
diametrically opposite side of the objective lens 8 with respect to a shaft 34. 

[0063] That is, the sensor lens 32 is mounted on the same biaxial actuator 9 as that carrying the objective lens 8. 
The distance between the optical disc and the objective lens can be measured directly because the sensor lens 32 is 
moved in keeping with the movement of the objective lens 8. The above distance is measured by illuminating the light 
45 on the optical disc from a light projecting and receiving device via the sensor lens 32. The operation is realized by 
arranging a coil at a near-by position to constitute a magnetic circuit with a facing magnet 33. 

[0064] A second embodiment of the position sensor is shown in Fig. 9. In this position sensor, the sensor lens 32 is 
arranged on the major surface of the optical pickup facing the surface of the biaxial actuator 9 opposite to its surface 
carrying the objective lens 8. The position of the actuator carrying the objective lens is measured by an optical or 
50 magnetic sensor mounted in this manner on the optical pickup. 

[0065] A second embodiment of an actuator driving circuit, associated with the focusing servo pull-in operation, is 
arranged as shown in Fig. 10. 

[0066] An actuator driving circuit of the optical disc reproducing device 1 includes an actuator scanning operation 
generating circuit 41 for starting the driving of a biaxial actuator 90 based on occurrence of a command for a focusing 
55 search operation by power up or disc exchange, an amplifier 42 for amplifying focusing error signals from the optical 
pickup 40 and a filter 43 for filtering the focusing error signals amplified by the amplifier 42, the amplifier 42 and the 
filter 43 constituting a focusing loop. The actuator driving circuit also includes another amplifier 44 for amplifying the 
reflection light volume signal and a comparator 45 for comparing the reflection light volume signal amplified by the 
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amplifier 44 to a pull-in level setting value. The actuator driving circuit also includes a zero-crossing detection circuit 
46 for detecting the zero-crossing of the focusing error signals and a first switch 53 turned on or off based on the results 
of comparison of the comparator 45 and which is adapted to send to a downstream side second switch 54 an output 
signal of the actuator scanning operation generator 41 or an output signal of the filter 43 constituting the feedback loop. 

5 The actuator driving circuit also includes an actuator retreating operation generator 47 for generating a signal driving 
the biaxial actuator 90 in a direction of retreating the objective lens 8 from the optical disc 1 00 and an amplifier 280 for 
amplifying an output signal of a shock sensor 50. The actuator driving circuit also includes a comparator 49 for com- 
paring a preset threshold impact value to a signal from the shock sensor 50 amplified by the amplifier 48. Finally, the 
actuator driving circuit includes the second switch 54 turned on or off based on the result of comparison by the com- 

10 parator 49 and which is adapted to send to the downstream side amplifier 51 an output signal of the actuator retreating 
operation generator 47 or an output signal of the first switch 53. 

[0067] With the optical disc reproducing device 1 , the biaxial actuator 90 is driven by the driving signal outputted by 
the amplifier 51. 

[0068] The above-mentioned controller 53 is made up of the amplifier 48, comparator49, actuator retreating operation 
15 generator 47 and the second switch 54. During the focusing servo pull-in operation, the controller 53 controls the biaxial 
actuator 90 depending on the strength of the shock detected by the shock sensor 50 to perform an operation of evading 
collision of the objective lens 8 against the optical disc 1 00. 

[0069] In the above-described structure of the actuator driving circuit, if a command for the focusing search operation 
is produced on power up or by optical disc exchange, the actuator scanning operation generator 41 drives the biaxial 
20 actuator 90 to start the focusing servo pull-in operation. That is, the biaxial actuator 90 is driven by the driving signal 
from the actuator scanning operation generator 41 entered via the first switch 53 and the second switch 54 to the 
amplifier 51. 

[0070] In the focusing servo pull-in operation, the objective lens 8 is transiently moved to a defined position in a 
direction away from the optical disc 100 and then moved gradually in a direction of approaching the optical disc. 
25 [0071] When the reflection light volume signal obtained by a light reception element, not shown, is found by the 
comparator 45 to have exceeded a pull-in level setting value, zero-crossing of the focusing error signals is detected 
by the zero-crossing detection circuit 46. 

[0072] On detection of the zero-crossing, the focusing servo pull-in operation is terminated. The first switch 53 is 
then actuated so that the focusing servo loop made up of the amplifier 42 and the filter 43 will be turned on to transfer 
30 to the feedback control state for the focusing error signals responsive to e.g., surface deviation of the optical disc 1 00. 
[0073] The state in which the shock sensor 50 has detected the impact in the course of the focusing servo pull-in 
operation is hereinafter explained. 

[0074] During the focusing servo pull-in operation, a sensor output of the shock sensor 50 provided on the mechanical 
deck 2 is compared by the comparator 49 via amplifier 48 at all times to a pre-set limit impact value. For example, the 
35 shock sensor 50 detects the speed of the shock applied to the mechanical deck 2 to output a signal proportionate to 
the impact as an impact strength. For example, the limit impact value is determined as an output value issued by the 
shock sensor 50 when an impact is applied which will cause failure of focusing servo pull-in. 

[0075] If a value exceeding the limit threshold is detected by the shock sensor 50, the second switch 54 is actuated 
to output a driving signal of the actuator retreating operation generator 47 to the biaxial actuator 90. 

io [0076] The actuator retreating operation generator 47 generates a driving signal for the biaxial actuator 90 to cause 
movement of the objective lens 8 from the optical disc in a direction away from the optical disc. The biaxial actuator 
90, fed with the driving signal from the actuator retreating operation generator 47 by the above actuation of the second 
switch 54, is driven for causing movement of the objective lens 8 in a direction away from the optical disc 100. 
[0077] That is, in the optical disc reproducing device 1 , the shock sensor 50 senses the impact during the focusing 

^5 servo pull-in operation and, if the strength of the impact reaches a predetermined magnitude, the objective lens 8 is 
retreated in a direction away from the optical disc. 

[0078] Thus, if, in the present optical disc reproducing device : an impact is applied from outside in the course of the 
focusing servo pull-in operation, the objective lens 8 is retreated away from the optical disc 100 to prevent the objective 
Jens 8 from colliding against the optical disc 100. 
50 [0079] With the optical disc reproducing device, since only the shock sensor 50 is provided at a suitable position of 
the mechanical deck 2 and the comparator 49 is provided in association therewith, the favorable effect of preventing 
the objective lens 8 from colliding against the optical disc can be achieved at a low cost even if the operating sequence 
results in failure due to impact applied from outside during focusing servo pull-in operation. 

[0080] Fig. 11 B shows the post-comparison shock sensor signal, which is the output signal of the shock sensor 50 
55 compared by the comparator 45. Fig. 11 A shows, by a solid line, the change in the position of the objective lens 8 driven 
by the biaxial actuator 90 controlled by the results of the post-comparison shock sensor signal. Also, Fig. 11 A shows, 
by a broken line, the movement of the objective lens B which is produced if the servo pull-in is not performed in the 
operating sequence of the focusing servo pull-in. 
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[0081] In the present optical disc reproducing device 1 , the objective lens 8 is retreated away from the optical disc 
by the objective lens 8 being retreated by the biaxial actuator 90 based on the results of comparison of the output of 
the shock sensor 50 to the above limit impact value. 

[0082] An illustrative operation of the above-described focusing servo pull-in operation is explained with reference 
5 to Figs.12A to 12D which illustrate the sequence of operations of applying the focusing servo. 

[0083] Fig.12B shows changes in the focusing signals accompanying changes in the actuator position ( objective 
lens position) shown in Fig.12A. Fig.12C shows the manner in which the volume of light received by the light receiving 
element provided in the optical pickup 40 is changed with the actuator position shown in Fig.12A. Fig.12D shows the 
relation between the state of on/off of the focusing servo and the actuator position shown in Fig.12A. In the drawing, 
w the solid line shows changes in signals when the focusing servo pull-in is going on successfully, while a broken line 
shows changes in signals produced by impact applied from outside. 

[0084] When the optical disc 100 is set, the objective lens 8 is transiently moved by the biaxial actuator 90 in a 
direction away from the optical disc 100 (position a shown in Fig.12A). If then the objective lens 8 is moved to approach 
to the optical disc 1 00 at a slow speed, the reflection signal detected by the light receiving element is increased gradually. 
15 if the distance between the objective lens 8 and the optical disc 100 is reduced to, for example, several urn or less, 
the focusing error signals start to be produced, as shown in Fig.12B. The actuator position at this time is a position b 
in Fig.12A. If, with the use of the astigmatic method, the objective lens 8 is approached further to the optical disc 100, 
the focusing error signal is transiently increased to a locally maximum value, after which it starts to be decreased, as 
shown in Fig.12B. 

20 [0085] After the focusing error signal is increased to the locally maximum value, the focusing error signal and the 
distance between the objective lens 8 and the optical disc 100 coincide with each other in polarity. Thus, when the 
reflection light volume signal is increased to a level higher than a pre-set value, the focusing error signal is detected 
and, in the vicinity of the signal equal to zero, the focusing servo loop is turned on to pull in the focusing servo (position 
c shown in Fig.12A). At this time, the reflection light volume signal is maximum, as shown in Fig.12C. 

25 [0086] The foregoing is the focusing servo pull-in operation, following which the feedback loop of the focusing servo 
by the focusing error signal operates and hence the objective lens 8 is driven by the biaxial actuator 90 so that the 
focusing error signal will be approximately equal to zero. 

[0087] If, while the focusing servo pull-in as described above is in operation, an impact is applied from outside, the 
optical disc reproducing device 1 performs the retreating operation of the objective lens 8 as described above. If, when 

30 the biaxial actuator 90 (objective lens 8) shown in Fig. 1 2A is at a position a to a position c corresponding to the focusing 
servo pull-in operation, an impact is applied from outside, the signal is raised by detection of the impact by the shock 
sensor 50, as shown in Fig.11B, thus causing the retreating movement of the objective lens 8, as shown in Fig. 11 A. 
[0088] Also, the optical disc reproducing device 1 sets the limit voltage in case the objective lens 8 continues to 
approach to the optical disc 100 until the objective lens 8 reaches a limit position corresponding to a pre-set voltage 

35 across the biaxial actuator 90. This limit position is the position d reached by a trajectory of a broken line in Fig.12A. 
[0089] The limit position is the limit position that the objective lens can approach to the optical disc 100. This limit 
position can be set taking into account the variation in actuator sensitivity or in position errors in the initial position of 
the biaxial actuator 90 and in the position of the optical disc 100. The limit position is determined by application of a 
limited driving voltage to the biaxial actuator 90, or the so-called limit voltage. 

40 [0090] Referring to Fig.2, the setting of the above-mentioned limit voltage is shown by 

limit voltage = ((a + b + c)/(minimum value of the actuator sensitivity 
45 taking into account the actuator sensitivity)) -4- a (2) 

where a is a position error of the distance between the reference surface of the mechanical deck 2 and the reference 
surface of the optical disc 100, b is a position error between the reference surface of the mechanical deck 2 and the 
mounting reference of the optical pickup 1 0, c is a position error between the reference surface of the optical pickup 
so 1 o and a neutral point of the biaxial actuator 9, dis the position error between the reference surface of the optical disc 
100 and the actual optical disc and a is a pre-set constant. 

[0091] If a system is considered in which, in high density recording, the distance between the surface of the optical 
disc 100 and the objective lens 8, that is the above-mentioned distance WD, is reduced, the disc surface position is 
surpassed in case the position of the objective lens for the limit voltage is larger than the distance WD. This means 
55 that, in case of failure in the focusing servo pull-in during the focusing search operation, the objective lens 8 collides 
against the optical disc 100 in the present system. 

[0092] However, this collision between the objective lens 8 and the optical disc 100 due to failure in focusing servo 
pull-in can be evaded by forcibly retreating the objective lens 8 from the optical disc 100 on impact detection as de- 
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[0093] Meanwhile, by re-setting the limit position to a small value in consideration of the above distance WD, it is 
possible to prevent collision of the objective lens 8 against the optical disc 100 during focusing servo pull-in. It is also 
of course possible in this case to evade vibration and direct collision against the optical disc 1 00 of the objective lens 8. 
5 [0094] Thus, it is possible with the present invention to prevent effectively the collision of the objective lens 8 and 
the optical disc 1 00 due to shock from outside which is produced in the course of the focusing servo pull-in to obstruct 
the operation such as the above-described servo operation. 

[0095] Meanwhile, a plurality of shock sensors may be provided on the optical disc reproducing device 1 . This enables 
the optical disc reproducing device 1 to perform the above-described retreating operations of the objective lens 8 based 
10 on output values of the plural shock sensors. 

[0096] A third embodiment of the present invention is explained. 

[0097] The present embodiment is the optical disc device of the first embodiment to which are accorded the layer 
jump function and the gain decreasing function during high speed seek, and is applied to an optical disc device 60 
shown in Fig. 13. This optical disc device 60 records/reproduces data forthe multi-layered optical disc. 
[0098] This optical disc device 60 includes an optical head 61 , an attenuation circuit 63 for decreasing the gain of 
the focusing error signals (FE signals) sent from an amplifier 62, a first switching circuit 64 for switching the gain 
decrease, a phase compensation filter 65 for phase-compensating the FE signals, an actuator scanning operation 
generating circuit 66 for effectuating focusing search, a second switching circuit 67 for switching on/off of the focusing 
servo loop, an actuator retreating operation generation circuit 68 for effectuating a retreating operation on application 
of impact, and a third switching circuit 69. The optical disc device 60 also includes an adder 70 for summing layer jump 
pulses and a driving circuit 71 for driving a biaxial actuator 61b as later explained. 

[0099] The optical head 61 includes an objective lens 61a and the biaxial actuator 61 bfor driving the objective lens 
61 a in the tracking and focusing directions, and generates FE signals based on the reflected light beam from the optical 
disc 1 00 to send the FE signals to the amplifier 62 and to a zero-crossing circuit 75 as later explained. 
[0100] The amplifier 62 amplifies the FE signals to send the amplified signals to the attenuation circuit 63 and to a 
terminal a of the first switching circuit 64. The attenuation circuit 63 attenuates the FE signals to decrease the gain of 
the FE signals to send the attenuated FE signals to a terminal a of the first switching circuit 64. 

[0101] The first switching circuit 64 is changed over by a gain switching control circuit 81 to send the FE signals sent 
to the terminals a or b to the phase compensation filter 65. The gain switching control circuit 81 sets the first switching 
circuit 64 to the terminals b or a for normal operation and only during high-speed seek, respectively. 
[0102] The phase compensation filter 65 phase-compensates the FE signals to send the phase-compensated FE 
signals to a terminal b of the second switching circuit 67. On the other hand, if a focusing search start command is 
sent from a system controller, not shown, the actuator scanning operation generating circuit 66 generates a driving 
signal, shown in Fig.5A, to send the generated driving signal to a terminal a of the second switching circuit 67. 
[0103] The second switching circuit 67 is changed over by a focusing loop control circuit 76. Specifically, the focusing 
loop control circuit 76 sets the second switching circuit 67 to the terminal a during focusing search, while setting the 
second switching circuit 67 to the terminal b to send the signal at the terminal a or b to the terminal b of the third 
switching circuit 69 in case the focusing servo is applied. Thus, the optical head 61 is driven by the driving signals and 
by the FE signals during focusing search and during focusing servo, respectively 

[0104] The optical disc device 60 includes a comparator 74 for comparing the reflection light volume signal from the 
optical head 61 amplified by the amplifier 73 to a pre-set pull-in level setting value and the zero-crossing circuit 75 for 
detecting the zero-crossing of the FE signals. During focusing search, the comparator 74 starts pull-in when the re- 
flection light volume signal from the optical head 61 exceeds the pull-in setting value to allow the zero-crossing circuit 
75 to start zero-crossing detection. When the zero-crossing circuit 75 detects the zero-crossing of the FE signals, the 
45 focusing loop control circuit 76 re-sets the second switching circuit 67 from the terminal a to the terminal b. This com- 
pletes the focusing loop. 

[0105] The third switching circuit 69 is set to the terminal a or to the terminal b based on the impact limit signal from 
the comparator 80. The comparator 80 compares the impact value from outside, amplified by the amplifier 79, to a pre- 
set limit impact value and, if it is the impact from outside that is larger, the comparator sends to the third switching 
circuit 69 an impact limit signal signifying that effect. The third switching circuit 69, usually set to the terminal 6, is set 
to the terminal a if the above impact limit value is supplied. The third switching circuit 69 sends the signal at the terminal 
a or b via adder 70 to the driving circuit 71 . 

[0106] The optical disc device 60 also includes a layer jump pulse generator 77 for generating a layer jump pulse 
when switching (layer-jumping) between plural layers of the multi-layered optical disc 100 illuminated by the light beam. 
At the layer-jumping time, the layer jump pulse generator 77 sends the layer jump pulses to the adder 70, while turning 
off the focusing servo loop via the focusing loop control circuit 76. Thus, the driving circuit 71 controls the optical head 
61 in order to perform layer jump based on the layer jump pulses. 

[01 07] During high-speed jump, the gain switching control circuit 81 of the optical disc device 60 sets thef irst switching 
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circuit 64 to the terminal a to decrease the gain of the FE signals to complete the focusing servo loop. 
[0108] If a large impact is applied to the optical disc device 60, the comparator 80 sends to the gain switching control 
circuit 81 an impact limit signal indicating that an impact larger than the limit impact setting value has been applied. 
When fed with the impact limit signal, the gain switching control circuit 81 sets the first switching circuit 64 to its terminal 

5 b. This furnishes the usual gain FE signals to the focusing servo loop. 

[0109] That is, if a large impact is applied during high-speed seek to the optical disc device 60, the FE signals are 
restored to the original gain to prevent the optical head 61 from being destroyed due to collision against the optical 
disc 100 as well as to assure stable data recording/reproduction immediately after occurrence of impact. 
[0110] At the layer jump time, the layer jump pulse generator 77 of the optical disc device 60 sends layer jump pulses 

10 to the adder 70, while turning off the focusing servo loop. 

[01 11 ] On application of a large impact on the optical disc device 60, the comparator 80 sends the impact limit signal 
to the focusing loop control circuit 76. When fed with the impact limit signal, the focusing loop control circuit 76 sets 
the second switching circuit 67 to its terminal Mo turn on the focusing servo loop. This permits the driving circuit 71 
to control the biaxial actuator 61b based on the FE signals. 

15 [0112] That is, if a large impact is applied during layer jump, the optical disc device 60 turns on the focusing servo 
loop to prevent destruction of the optical head 61 due to collision against the optical disc 100 to assure stable data 
recording/reproduction immediately after application of impact. 

[01 1 3] As described above, if a large impact is applied from outside to the optical disc device 60 while it is performing 
a special operation as the focusing servo loop is turned off, it is possible to prevent destruction of the optical head 61 
20 due to collision against the optical disc 100. 

[01 14] A fourth embodiment of the present invention is now explained. 

[0115] The third embodiment of the present invention is applied to an optical disc device 110 configured as shown 
in Fig. 4. Meanwhile, the optical disc device 110 is of the land/groove recording/reproducing system. 
[0116] The optical disc 110 includes a tracking loop switching control circuit 122when the impact from outside as 
25 detected via a shock sensor 119 exceeds a preset value, and a tracking polarity control circuit 123 for reverting the 
polarity of the tracking error signals (TE signals) to its original polarity. 

[0117] The optical head 111 includes a biaxial actuator 111b for driving an objective lens 111a in the tracking and 
focusing directions. The optical head 111 radiates the laser light to the optical disc to detect the return light from the 
optical disc to send the detection output to a tracking error generating circuit 112. 
30 [0118] The tracking error generating circuit 112 generates the TE signals based on the detection output to send the 
generated TE signals to a polarity reversion circuit 113, a terminal b of a tracking polarity switch 114 and to the tracking 
error generating circuit 1 1 2. 

[0119] The tracking error generating circuit 112 generates TE signals based on the above detection signal to send 
the produced TE signals to the polarity reversion circuit 113, terminal b of the tracking polarity switch 1 1 4 and to a track 
35 jump pulse generating circuit 124, based on the above-mentioned detection output. The generated TE signals are 
those produced when the light beam is illuminating a land of the optical disc. 

[0120] The polarity reversion circuit 113 reverses the polarity of the TE signals when the light beam is illuminating a 
groove on the optical disc. That is, the polarity reversion circuit 113 reverses the polarity of the PE signals to send the 
resulting signals to the terminal a of the tracking polarity switch 114. 

40 [0121] The tracking polarity switch 114 is responsive to land/groove switching to output TE signals. The tracking 
polarity switch 1 1 4 is changed over by the tracking polarity control circuit 1 23 to send the TE signals sent to the terminal 
a or b to a phase compensation circuit 115 sent to its terminal a or b. The phase compensation circuit 115 phase- 
compensates the TE signals to send the phase-compensated TE signals to a tracking loop switch 116. 
[0122] The tracking polarity switch 114 is responsive to land/groove switching to output TE signals. The tracking 

45 polarity switch 114 is changed over by the tracking polarity control circuit 123 to send the TE signals sent to the terminal 
a or b to the phase compensation circuit 115, which then phase-compensates the TE signals to send the resulting 
signals lo the tracking loop switch 116. 

[0123] The tracking loop switch 116 is set to its on or off state by the tracking loop switching control circuit 122. 
Specifically, the tracking loop switching control circuit 122 turns the tracking loop switch 116 on or off in case of appli- 
50 cation of tracking servo or in case of track jumping, with the tracking servo being then turned off, respectively. On 
termination of track jumping, the tracking loop switching control circuit 122 again sets the tracking loop switch 116 to 
its on state. When set to its on state, the tracking loop switch 116 sends the TE signals from the phase compensation 
circuit 115 via adder 117 to a tracking driver. 

[0124] On the other hand, a track jump pulse generating circuit 124 generates track jump pulses, depending on the 
55 number of tracks to be jumped, and sends the generated pulses via adder 11 7 to a tracking driver 118. 

[0125] The tracking driver 118 drives the objective lens 111a via the biaxial actuator 111b, so that the light beam 
illuminated on the optical disc will be just-track, based on the TE signals from the adder 117, while driving the objective 
lens 111a via the biaxial actuator 111b, in order to effectuate preset track jump, based on the track jump pulse from 
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the adder 117. 

[0126] Thus, the optical disc device 110 generates optimum TE signals, responsive to the land/groove switching, in 
order to effectuate tracking control. For track jumping, the optical disc device 1 00 transiently turns off the tracking servo 
loop. 

[0127] The operation in case an impact is applied from outside during track jumping, that is when the racking servo 
is turned off, is explained. 

[01 28] On detection of the impact from outside, the shock sensor 1 1 9 sends a signal proportionate to the impact via 
an amplifier 1 20 to a comparator 121. 

[0129] The comparator 121 compares an impact value from outside, derived from a signal from the amplifier 120, to 
a pre-set limit impact value. If it is the impact from outside that is larger, the comparator 121 sends an impact limit 
signal specifying that effect to the tracking loop switch control circuit 122, tracking polarity control circuit 123 and to 
the track jump pulse generating circuit 124. 

[0130] When fed with the impact limit signal from the comparator 121 , the tracking loop switching control circuit 122 
sets the tracking loop switch 116 to its on-state. If fed simultaneously with the impact limit signal, the track jump pulse 
generating circuit 124 discontinues the generation of the track jump pulses. This again turns the tracking servo loop 
on so that the tracking driver 118 controls the biaxial actuator 111b based on the tracking error signals. That is, if a 
strong impact is applied from outside during track jump, the operation of the objective lens a is not constant in the 
conventional system, because tracking servo is not applied. In the above optical disc device 110, tracking servo is 
applied in this case, data can be recorded/reproduced for the target track. 

[0131] If an impact is applied from outside during tracing a groove, the impact limit signal is sent to the tracking 
polarity control circuit 123. At this time, the tracking polarity control circuit 123 sets the tracking polarity switch 114 to 
its terminal a. This enables the land to be traced so that stable recording/reproduction can be achieved as compared 
to the case of continuing the groove tracing, even on application of impact from outside. 
[0132] A fifth embodiment of the present invention is now explained. 
25 [0133] The present fifth embodiment of the present invention can be applied to an optical disc device 1 30 shown for 
example in Rg.1 5. 

[0134] The optical disc device 130 includes an optical head 131 , having a biaxial actuator 131b for driving the ob- 
jective lens 1 31 a in the tracking and focusing directions, a tracking error generating circuit 1 32 for generating TE signals 
based on a detection output of the light beam of the optical head 131 , a low-pass filter circuit 133 for removing noise 
components of the TE signals, a phase compensation circuit 1 34 for phase-compensating the TE signals freed of noise, 
a tracking loop switch 135 

for tuning the tracking loop on or off, an adder 1 36, a slide driver 1 37, and a feed motor 1 38 for sliding the optical head 
131 during the seek operation. 

[0135] The tracking loop switch 135 is set to on or off by a tracking loop switch control circuit 142. Specifically, the 
tracking loop switch control circuit 142 turns the tracking loop switch 135 on or off for applying tracking servo or per- 
forming a seek operation (turning off the tracing servo), respectively, while again turning on the tracking loop switch 
135 after the end of the servo operation. When turned on, the tracking loop switch 135 sends the TE signals from the 
phase compensation circuit 134 via adder 136 to the slide driver 137. 

[0136] A slide seek voltage generating circuit 1 43 generates a slide seek voltage (slide seek signal) depending on 
40 the seek destination to send the signal via adder 1 36 to the slide driver 137. 

[01 37] The slide driver 1 37 drives the objective lens 1 1 1 a via the biaxial actuator 131b, based on the TE signals from 
the ader 1 36, so that the light beam illuminated on the optical disc will be just-track, or the pre-set seek operation will 
be performed based on the slide seek signal from the adder 136. 

[01 38] That Is, during the seek operation, the tracking loop switch 1 35 is turned off, the slide seek voltage generating 
circuit 1 43 generating a slide seek signal to send the generated slide seek signal via adder 1 36 to the side driver 1 37. 
This allows the slide driver 1 37 to perform the seek operation of the optical head 1 31 . 

[0139] If an impact is applied from outside during the seek operation, the shock sensor 1 39 detects the impact from 
outside to send the signal corresponding to the impact via amplifier 1 40 to the comparator 141. 

[0140] The comparator 141 compares the value of the impact from outside derived from the signal from the amplifier 
140 to a preset limit impact setting value and, if it is the impact from outside that is larger, the comparator sends an 
impact limit signal specifying that effect to the tracking loop switch control circuit 142 and to the slide seek voltage 
gene ratin g ci rcurt 1 43 . 

[0141] If fed with the above impact limit signal from the comparator 141 , the tracking loop switch control circuit 142 
sets the tracking loop switch 135 to its on state. Simultaneously, the slide seek voltage generating circuit 143, fed with 
the impact limft signal , discontinues producing the slide seek signal. This again turns the tracking servo loop on so that 
the slide driver 137 controls the biaxial actuator 131 b based on the tracking error signals. That is, if a strong impact is 
applied from oullsade during the seek operation, the operation of the objective lens 111a in the conventional system is 
not constant, because the tracking servo is applied. In the present invention, since the tracking servo is applied in such 
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case, data recording/reproduction can be performed immediately for the target track. 

[01 42] Although there is provided only one impact sensor in the above-described embodiment, it is of course possible 
to provide a plurality of shock sensors. 

[0143] For realizing high recording density on the optical disc 1, a double lens type lens set, which realizes high 
5 numerical aperture (NA), may be used as the objective lens 8 provided facing the optical disc 1 . 

[0144] This double lens type lens set is made up of two lenses, that is a forward lens 103 and an objective lens 104, 
as shown in Fig. 16. The forward lens 102 has a planar surface facing the optical disc 100 and an aspherical curved 
surface facing the objective lens 104, while the objective lens 104 is an aspherical lens. The forward lens 103 may 
also be a piano-spherical lens made up of a planar surface and a spherical surface. 
10 [0145] This double lens type lens set has the forward lens 103 and the objective lens 104 driven by the actuators 
106, 107 respectively. 

[0146] The actuator 106 is configured for causing movement of the forward lens 103 relative to the objective lens 
104 in the direction along the optical axis (in the up-and-down direction in the drawing). The forward lens 103 and the 
objective lens 1 04 are moved in the direction along the optical axis (in the focusing direction) under the voltage applied 
15 to the actuator 106. 

[0147] The actuator 107 is a biaxial actuator adapted to cause movement of the lenses 103, 104 in the direction 
perpendicular to the track of the optical disc 100 (in the tracking direction). This actuator 107 is fed with the driving 
signals in the focusing and tracking directions for adjusting the distance of the double lens type lens set (forward lens 
1 03 and the objective lens 1 04) from the optical disc 1 00 while causing movement of the light beam in the perpendicular 

20 direction relative to the track. 

[01 48] With the above-described structure, the distance between the objective lens 1 04 and the optical disc 1 00 can 
be adjusted as in the conventional double lens type lens set, at the same time as the distance between the forward 
lens 1 03 and the objective lens 104 also can be adjusted. The distance between the two lenses and that between the 
objective lens 104 and the optical disc 1 can be adjusted depending on the thickness of the disc substrate 102 of the 

25 optical disc 1 for suppressing generation of the spherical aberration. 

[0149] With the use of a light source not for light less than 680 nm in wavelength, this double lens type lens set has 
a NA as high as 0.7 or higher, such as 0.81 . The working distance between the objective lens 4 and the optical disc 
100 is not larger than 560 u.m, such as 100 urn. Thus, with the double lens type lens set, the distance between the 
double lens type lens set and the optical disc is small for high NA, with the aberration being reduced. 

30 [0150] An example of the optical disc 100 is explained by referring to Fig. 17. 

[0151] Using a stamper which realizes the pitch and the pitch fluctuations, a replica substrate 210 for the optical disc 
100 is fabricated by the injection molding method. A recording film or a reflective film 211 is then formed on a signal 
surface of the replica substrate 210. If the optical disc is a ROM, an reflective film of, for example, Al, is formed thereon. 
[0152] A cover layer 212 is further formed thereon. The cover layer is formed by supplying a UV resin dropwise on 

35 the layers of the substrate, prepared as described above, and by rotating and stretching the UV resin. Alternatively, 
the cover layer may be formed by bonding a sheet of polycarbonate sheet by a UV resin. 

[0153] The light transmitting layer of the optical disc, thus prepared, has a thickness of, for example, 3 to 177 urn 
[0154] A sequence of steps of the optical disc recording/reproducing method is hereinafter explained. The method 
for recording/reproducing information signals for an optical disc using an optical pickup includes an objective lens 

40 arranged facing the optical disc for converging and illuminating the laser light on a signal recording surface of the 
optical disc and objective lens driving means for driving the objective lens at least in a direction perpendicular to the 
signal recording surface, displacement signal generating means for generating from the return laser light illuminated 
by the objective lens to the optical disc a displacement signal corresponding to displacement of a converging point of 
the laser light from the signal recording surface in the perpendicular direction and servo means for driving controlling 

45 the objective lens by the objective lens driving means in the perpendicular direction, based on the displacement signal 
from the displacement signal generating means, so that the converging point will be on a signal recording surface of 
the optical disc. The above sequence of operations includes a step of detecting the position of the objective lens with 
respect to the optical disc, and a step of outputting a permission signal for according permission of the servo operation 
by the servo means when the objective lens position detected by the position detection means is within the pre-set 

50 range. 

[0155] The optical disc recording/reproducing method and apparatus are directed to pull-in of focusing servo of the 
optical disc and, more specifically, to evading the focusing servo pull-in to the optical disc surface and to evading 
collision of the objective lens against the optical disc. 

55 

Claims 

1 . An optical disc device comprising : 
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servo loop switching means (69; 116; 135) for switching on/off of a servo loop in which an optical head (61 ; 
1 1 1 ; 1 31 ) radiates a light beam to an optical disc (1 00) and in which optical head driving means (71 ; 1 1 8; 1 37) 
drives said optical head (61; 111; 131) based on a detection output of the reflected light from the optical disc 
(100); 

special operation control means for turning off said servo loop switching means (69; 116; 135) for controlling 
optical head driving means (71 ; 1 1 8; 1 37) so that said optical head (61; 111; 131) will perform a special oper- 
ation; 

impact detection means (78; 117; 139) for detecting an impact from outside; and 

servo loop switching control means for turning on said servo loop switch ing means (69; 1 1 6; 1 35) on detection 
of an impact by said impact detection means (78; 119; 139) during a special operation of said optical head 
(61; 111; 131). 

The optical disc device according to claim 1 wherein said special operation control means includes layer jump 
pulse generating means (77) for generating layer jump of a multi-layered optical disc (100) and controls said optical 
head driving means (71 ) for performing layer jump based on said layer jump pulse. 

The optical disc device according to claim 1 further comprising : 

attenuation means (63) for attenuating focusing error signals during high speed seek and for discontinuing 
attenuation of said focusing error signals on detection of an impact by said impact detection means (78); 
said servo loop switching means (69) effectuating on/off switching of a focusing servo loop, as said servo loop, 
in which said optical head (61) is driven in the focusing direction based on focusing error signals generated 
from a detection output of the optical head (61); 

said special operation control means driving said optical head (61) based on said focusing error signals. 
A method for controlling an optical head comprising 

turning off a servo loop in which an optical head (61; 111 ; 131) radiates a light beam towards an optical disc 
( 1 00) and optical head driving means (71 ; 1 1 8; 1 37) drives said optical head (61 ; 1 1 1 ; 1 31 ) based on a detection 
output of the reflected light from the optical disc (1 00); 

controlling said optical head driving means (71 ; 118; 137) so that said optical head (61:111, 131) will perform 

a special operation; 

detecting an impact from outside; and 

controlling said servo loop to be turned on upon detection of an impact during the special operation of said 
optical head (61 ; 1 1 1 ; 1 31 ). 

The optical head controlling method according to claim 4 wherein, as a special operation of the optical head (61), 
layer jump pulses for effectuating layer jump of a multi-layered optical disc are generated and wherein said optical 
head driving means (71 ) is controlled so as to effectuate layer jump based on said layer jump pulses. 

The optical head controlling method according to claim 4 wherein, as a special operation of the optical head (131), 
a slide seek signal for effectuating slide seek is generated and wherein said optical head driving means (137) is 
controlled to effectuate slide seek based on said slide seek signal. 
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FIG.1A 
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FIG.8A 
FIG.8B 

FIG.9A 
FIG.9B 
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(54) Optical disc apparatus having collision preventing means and method for controlling an 
optical disc apparatus 



(57) In order to avoid collision between an objective 
lens and an optical disc during a layer jump mode or a 
high speed seek mode, the optical apparatus comprises 
special operation control means for turning off servo 
loop switching means (69) for controlling optical head 
driving means so that the optical head will perform a 
special operation, impact detection means (78) for de- 
tecting an impact from outside, and servo loop switching 



control means for turning on the servo loop switching 
loop (69) on detection of an impact by the impact detec- 
tion means (78) during a special operation of the optical 
head (61 ). The special operation control means includes 
layer jump pulse generating means (77) for generating 
layer jump of a multi-layered optical disc and controls 
the optical head driving means (71 ) for performing layer 
jump based on the layer jump pulse. 
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